A cubic kilometer scale neutrino telescope Baikal-GVD is currently under construction in Lake Baikal. Baikal-GVD is designed to detect Cerenkov radiation from products of astrophysical neutrino interactions with Baikal water by a lattice of photodetectors submerged between the depths of 1275 and 730 m. The detector components are mounted on flexible strings and can drift from their initial positions upwards to tens of meters. This introduces positioning uncertainty which translates into a timing error for Cerenkov signal registration. A spatial positioning system has been developed to resolve this issue. In this contribution, we present the status of this system, results of acoustic measurements and an estimate of positioning error for an individual component.
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Introduction
Baikal-GVD [1] is a deep underwater neutrino telescope currently under construction in Lake Baikal. It is designed to measure the direction and energy of astrophysical neutrinos by detecting Cherenkov radiation emitted by particles produced in neutrino interactions with water with an array of spatially distributed photomultipliers. Each photomultiplier, along with a controller and calibration equipment is placed in a transparent spherical pressure housing with a diameter of 42 cm, comprising an optical module (OM). OMs are installed on strings -flexible cables strung between an anchor and subsurface buoys. Each string has 36 OMs installed at 15 meter intervals starting at the depth of 1270 meters. The strings are grouped into clusters, each cluster having an independent trigger system. A cluster consists of 8 strings installed in the vertices and center of a regular heptagon with a radius of 60 meters. Some clusters also possess an instrumentation string used for calibration and hardware tests. Due to string flexibility and currents in Lake Baikal, OMs can drift beyond 50 meters from their median positions. Uncertainty in OM coordinates introduces a time calibration error and so monitoring OM coordinates is crucial for event reconstruction.
To solve this problem, Baikal-GVD uses a hydroacoustic positioning system (APS) [2] . APS consists of a network of EvoLogics S2C R42/65 acoustic modems (AMs) installed on the strings of the detector. As shown on Figure 2 , a baseline acoustic configuration consists of three beacons (downward oriented AMs) installed along OMs and either a bottom beacon or a node (an upward oriented AM). In the 2019 configuration, Baikal-GVD has a total of 171 AMs, 22 of them -nodes.
The nodes are attached at the base of a string, near the anchor, and are considered stationary. The node coordinates are determined shortly after the string installation is completed. An AM is submerged at the depth of ∼ 1 meter at several sites on the surface and the acoustic distances to the nodes are measured. The node positions are then trilaterated from the acquired distances and GPS coordinates of each site.
Beacon coordinates are acquired by measuring acoustic distances to the antenna formed by the nodes on the lake floor. Once the acoustic distances are measured, each beacon is trilaterated from the known node coordinates. The communication between AMs is facilitated by the D-MAC protocol [3] . The planar beacon coordinates for the 2019 configuration of Baikal-GVD are shown on Figure 1 .
Beacon coordinates are reconstructed online. At regular intervals (∼ 1 minute per cluster) the APS software on the shore polls the beacons for the acoustic distances, then performs the reconstruction. After reconstruction, beacon coordinates are buffered at the shore and then transferred to the data storage in JINR. OM coordinates are acquired by interpolating beacon coordinates, presuming a piece-wise linear model of the string. If necessary, coordinates of other components installed on the string are acquired the same way.
Performance
An example of beacon coordinate measurements for the beacons installed on one of the GVD strings is presented in Figure 3 . Beacon drift is mainly lateral, with depth variation exceeding 0.5 meters only during brief periods of active drift in autumn. Beacon mobility falls with depth and the coordinate variation decreases from ∼ 50 meters at the depth of 736 meters, to ∼ 5 meters at the depth of 1274 meters. The most shallow, mobile beacons move with an average speed of 0.5 cm/s and a maximum speed of 3 cm/s. Figure 4 illustrates correlation between beacon coordinates from October 20th to October 31st 2018.
Positioning precision
The OM positioning error depends on three factors. First, the accuracy of AM measurements. As demonstrated in [2] , APS precision is within few centimeters. Second, the error increases with the distance between the OM and the beacons used to interpolate its position. Finally, the error depends on beacon mobility which decreases with depth and varies with season. To provide an upper bound of the OM positioning error, additional beacons were installed on two strings of Baikal-GVD during winter expedition 2018. The beacons were placed at the depths of 811 and 823 meters, between beacons 3 and 4 of their respective strings. The error estimate is acquired by comparing trilaterated coordinates of these beacons with the coordinates acquired via interpolation.
The results for the period from April 2018 to February 2019 are presented on Figure 5 . The mean positioning error for both beacons over the season is 12 ± 6 cm (the photocathode diameter is 25 cm). This is similar to the positioning precision in other large scale neutrino telescopes [4, 5] . 
Conclusions
An acoustic positioning system has been developed and deployed at the site of the Baikal-GVD neutrino telescope. It allows positioning optical modules of the telescope with an average accuracy of 12 ± 6 cm, which is equivalent to a subnanosecond time calibration. Acoustic measurements have shown that over the course of a season the most mobile OMs can drift beyond 50 meters from their median positions with the average speed of 0.5 cm/s and top speed of 3 cm/s. Acoustic data has also demonstrated that OM coordinates within a cluster and between clusters are highly correlated.
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